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Effect of Mental and Physical Practice on Clinical Skill Learning in Kinesiology
Abstract
Purpose: The amount of information required for an allied health professional has increased dramatically.
In-class practice time and large amounts of practice materials may be difficult for instructors to acquire.
Mental practice is a method of practice that does not involve physical movement or materials. This study
investigated the effect of mental practice, physical practice, and a combination of mental and physical
practice on kinesiology students learning three manual muscle tests.
Method: Fifty-six students aged 18 to 26 years (M = 20.09, SD + 1.58), pursuing a degree in kinesiology with
an emphasis in either athletic training or kinesiotherapy participated in this study. Participants underwent
two days of practice that included either mental practice, physical practice, or a combination of mental
and physical practice for three Manual Muscle Tests (MMTs). Approximately 48 hours later, participants
completed a post-test of the MMTs that was evaluated by two trained examiners. Participants also
completed a survey related to demographics, difficulty of the MMTs, and intentions for using mental
practice.
Results: The MMT post-test ANOVA revealed no significant learning differences between groups for all
three Manual Muscle Tests. There were no significant differences in Manual Muscle Tests difficulty ratings
between groups; however, there was a significant difference in participants’ difficulty ratings across the
Manual Muscle Tests. A majority of participants indicated they would use mental practice in the future.
Conclusions: The results indicated that kinesiology students seemed to learn equally well regardless of
practice type. Utilization of mental practice in or outside of the classroom may be a strategy to supplement
student learning in situations where class time and/or resources for physical skill practice may be more
difficult to obtain.
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ABSTRACT
Purpose: The amount of information required to educate an allied health professional has increased dramatically. In-class practice
time and large amounts of practice materials may be difficult for instructors to acquire. Mental practice is a method of practice that
does not involve physical movement or materials. This study investigated the effect of mental practice, physical practice, and a
combination of mental and physical practice on kinesiology students learning three manual muscle tests (MMTs). Method: Fiftysix students aged 18 to 26 years (M = 20.09, SD + 1.58) pursuing a degree in kinesiology with an emphasis in either athletic
training or kinesiotherapy participated in this study. Participants underwent two days of practice that included either mental practice,
physical practice, or a combination of mental and physical practice for three Manual Muscle Tests. Approximately 48 hours later,
participants completed a post-test of the MMTs that was evaluated by two trained examiners. Participants also completed a survey
related to demographics, difficulty of the MMTs, and intentions for using mental practice. Results: The MMT post-test ANOVA
revealed no significant learning differences between groups for all three Manual Muscle Tests. There were no significant
differences in Manual Muscle Tests difficulty ratings between groups; however, there was a significant difference in participants’
difficulty ratings across the Manual Muscle Tests. A majority of participants indicated they would use mental practice in the future.
Conclusions: The results indicated that kinesiology students seemed to learn equally well regardless of practice type. Utilization
of mental practice in or outside of the classroom may be a strategy to supplement student learning in situations where class time
and/or resources for physical skill practice may be more difficult to obtain.
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INTRODUCTION
Athletic training education is challenging for both students and faculty. Studies suggest that both students and faculty in athletic
training programs experience a moderate to high level of emotional exhaustion. 1,2 The amount of information students need to
process and understand coupled with the limited time they have available to do so can be overwhelming for students.3 There are
229 educational competencies included within the National Athletic Trainers’ Association 5th edition of the Athletic Training
Education Competencies.4 Many of these competencies involve some type of physical skill the student must master to become
proficient. This challenge of proficiency is often made more difficult by limited practice opportunities for students within a class
environment. In a recent study, athletic training students reported limited hands-on learning prior to clinical experiences as a
common source of stress and frustration while completing their program.5 Since athletic training curricular requirements may leave
little time for students to physically practice skills during class time, it is important to determine alternative practice methods that
may aid clinical skill learning in and outside of the classroom.
Mental practice is an alternative practice approach researched extensively in the motor learning literature. It is defined as the
cognitive rehearsal of physical skills in the absence of overt movement.6 Mental practice aids in skill acquisition by helping the
learner create a mental blueprint (i.e., motor program) of the desired movement form.7 This mental blueprint allows the learner to
understand the requirements of the skill and what needs to be done in order to successfully perform the movement. A major
component of mental practice is imagery. Imagery involves replicating a past experience in one’s mind using all relevant senses
(e.g., kinesthetic, visual, etc.). For example, a basketball player imaging the execution of a free throw might see the rim of the
basket (visual), feel his wrist snap forward during the release (kinesthetic), and hear the swishing sound of the ball entering the
net (auditory). Likewise, an athletic trainer imaging the treatment of an on-field injury might see the athlete clutching her knee
(visual), feel the way the body responds to a physical examination (kinesthetic), and hear the verbal reaction from the athlete during
the exam (auditory).
Imagery content can vary substantially based on the individual and situation; however, images usually falls within one or more of
the five major categories8: 1) cognitive specific (CS; skills rehearsal); 2) cognitive general (CG; strategy rehearsal); 3) motivational
specific (MS; goal setting); 4) motivational general-arousal (MG-A; arousal regulation); and 5) motivational general-mastery (MGM; confidence building). Although this model was originally developed for sport-based imagery, it has been replicated in athletic
training.9 In an instructional setting, athletic training students may benefit most from mental practice that uses imagery focused on
skills rehearsal (i.e., CS). For example, a student learning to tape an ankle could image her/himself performing the skill correctly
using any relevant senses (e.g., seeing the position of the tape, feeling the movements of the hands).
The Commission on Accreditation of Athletic Training Education requires accredited programs to provide instruction on
Psychosocial Intervention and Referral as part of the Athletic Training Educational Competencies.4 One of these competencies
(PS-7) focuses on the use of psychological techniques (e.g., goal setting, imagery, positive self-talk) to motivate or help an injured
athlete return to play. Since this competency focuses exclusively on the rehabilitation setting, athletic training students may not
see the utility of using these psychological techniques, such as mental practice, in other contexts (e.g., classroom). Additionally,
athletic trainers have ranked mental practice and imagery as less important and less effective in comparison to others psychological
techniques.10-12 However, mental practice has consistently shown to facilitate motor learning especially for skills with a large
cognitive component, which is characteristic of most clinical skills.13,14 Moreover, research with medical students suggests that a
combination of mental and physical practice is superior to physical practice alone for learning surgical skills. 15
Although teachers and students alike might intuitively favor physical practice over mental practice and imagery, practical limits on
instructional time and resources may not allow for adequate physical practice opportunities to facilitate student learning; thus, an
alternative practice approach may need to be considered. What remains unclear is whether the learning benefits of mental practice
or a combination of mental and physical practice can be replicated with individuals learning clinical skills in an athletic training
education setting. Thus, the primary purpose of our study was to examine the effect of mental practice, physical practice, and a
combination of mental and physical practice on students learning three clinical skills: manual muscle tests of the 1) middle deltoid,
2) middle trapezius, and 3) supraspinatus. Based on the previous literature, we hypothesized that a physical practice and
combination group would outperform a mental practice group on post-test measures of each MMT. Since student buy-in is important
when implementing new pedagogical strategies, a secondary purpose of the study was to examine student intention to use mental
practice while completing their degree program
METHODS
Participants
Fifty-six students aged 18 to 26 years (M = 20.09, SD = 1.58), pursuing a degree in kinesiology with an emphasis in either athletic
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training (AT; n = 16) or kinesiotherapy (KT; n = 40), from a large southeastern university volunteered for this study. Educators
from both programs participated in participant recruitment through email and verbal solicitations during a class session. Participants
were included if they had declared AT or KT as a major but had not been formally admitted to either program and had no prior
knowledge of any of the skills utilized in the study. Each participant was randomly assigned to one of three gender- and majorstratified groups to help prevent any potential confounding variables: 1) mental practice (n = 17); 2) physical practice (n = 19); or
3) combined mental and physical practice (n = 20). Group sizes were unequal due to participant attrition.
Tasks
Manual muscle tests (MMTs) were selected as the tasks because they are clinical skills that students in the AT and KT program
need to learn, and these tasks potentially vary in level of difficulty. The three muscles selected for testing were the 1) middle deltoid,
2) middle trapezius, and 3) supraspinatus. Each MMT was taught according to procedures from Kendal et al, and can be seen in
Figure 1.16

Figure 1: Manual Muscle Tests. Clockwise from top left to right – middle deltoid, middle trapezius, supraspinatus
Procedure
Institutional Review Board approval was obtained prior to the start of the study. All participants read and signed an informed
consent document before inclusion in the study. Extra credit was offered in all classes for participation in the study. Pre-tests were
not administered because participants had no prior knowledge of the MMTs being taught. 17
Practice Day 1. At the start of the first practice day, all participants were told they would be learning three MMTs over
two practice days and would be physically tested at the end of the week. Participants in the mental practice group were also given
the following definition and example of mental practice with a CS (i.e., skills rehearsal) focus in order to ensure they understood
what was expected of them: “Mental practice refers to the symbolic rehearsal of a physical activity in the absence of any gross
muscular movements.”6 For example, a basketball player may mentally image execution of a correct free throw technique prior to
stepping up to the free throw line. A researcher was present to clarify further, if needed.
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For each group, the MMTs were taught using three instructional videos (one for each MMT) embedded in a PowerPoint
presentation. Each video contained a demonstration of the MMT with voiced-over and closed-captioned instructions. Participants
viewed each video three times. Immediately following each viewing, participants were given 30 seconds to practice the
corresponding MMT (either physically or mentally) they had just seen one time. We chose the amount of practice time based on
pilot testing to ensure that all participants had adequate time to complete their practice attempt. We repeated this process for the
remaining two MMTs until all three had each been watched and practiced three times. The combination group attended the physical
practice session on Day 1 and attended the mental practice session on Day 2. We chose the order to mimic typical classroom
conditions in which instruction and physical practice is normally given when introducing a new skill.
Practice Day 2. The second practice day took place approximately 48 hours following the first practice day. First, all
participants were reminded that they would be physically tested on the MMTs at the end of the week. Participants in the mental
practice and combination groups were also provided with the definition and example of mental practice with a CS focus from the
first practice day in order to ensure the participants in the combination group understood what was expected of them. A researcher
was present to clarify further, if needed. Next, participants viewed each MMT video one time to refresh their memory. Immediately
following each video, participants were given 90 seconds to practice the corresponding MMT (either physically or mentally) they
had just seen three times. We chose the amount of time to correspond with the total amount of time participants practiced during
the first practice day. We repeated this process for the remaining MMTs until all three tasks had each been watched and practiced
three times.
Post-Test. Post-test measures were taken approximately 48 hours following participants’ last skill instruction. Two
trained examiners (program faculty), blinded to practice group, administered and scored each examination concurrently using a
checklist (see Table 1). A standardized model was used during testing in order to decrease error. One examiner read a set of
instructions to the participant and started a timer. The participant had 2 minutes to perform each skill. The examiners scored the
first attempt. After 2 minutes had elapsed or an attempt was scored the next set of instructions was read to the participant. We
repeated this protocol for all three MMTs.

Muscle
Middle Deltoid MMT

Middle Trapezius MMT

Supraspinatus MMT
























Table 1: Examiner Checklist
Instructions
Examiner instructs patient to sit
Patient's shoulder is placed in 90 degrees of abduction
Patient's elbow is flexed to 90 degrees
Examiner's hand stabilizes the shoulder joint
Examiner's other hand is placed on the superior portion of the elbow
Pressure is applied into shoulder adduction
Pressure is applied for 3-5 seconds
Instructs model to lie prone at the edge of the table
Shoulder is placed in 90 degrees abduction
Shoulder is laterally rotated so that thumb is pointing up
Scapula is retracted by bringing the arm upwards
Places a stabilization hand on same side scapular area
Applies pressure against the superior distal arm
Pressure is applied into Horizontal Adduction
Pressure is applied for 3-5 seconds
Examiner instructs Patient to stand
Examiner passively extend and laterally flex Patient's head to same side
Examiner turns face to opposite side (or instructs Patient)
Examiner's stabilizing hand on shoulder that head is flexed towards
Patient is instructed try to bring arm away from body
Pressure is applied on distal forearm into Adduction to resist Patient bringing arm away
from body
Pressure is applied for 3-5 seconds
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Following the post-test, participants completed a brief written survey containing questions related to demographics (see
Participants), difficulty of the MMTs, and their intentions toward using mental practice while completing their degree in AT or KT.
Participants rated the difficulty of each MMT using a 6-point Likert scale from 0 (extremely easy) to 5 (extremely difficult).
Participants indicated their intentions toward using mental practice by responding to the following question: “Do you see yourself
using mental practice while completing your degree in athletic training or kinesiotherapy?” Depending on the participants’
responses, they were asked to respond to one of two follow up questions, “If YES, how would you use mental practice?” or “If NO,
why would you not use mental practice?”. The same definition and example of mental practice provided to the mental practice
group during practice was provided prior to the question to ensure that all participants understood the meaning of the term,
especially those in the physical practice group.
Data Analysis
A p-value of 0.05 was used to determine significance. IBM SPSS software version 24 was used for statistical analysis.
MMT Post-test Scores. Adequate inter-rater reliability was obtained across the two examiners (κ = .76-.87).18
Participants’ scores were then averaged across the two examiners and converted to a percentage. This represented the total
amount of correct skill components performed. A one-way ANOVA was used to calculate the effect of condition on MMT posttest scores.
MMT Difficulty. A Kruskal-Wallis test was conducted comparing the difficulty rating of each MMT with condition. A
Friedman ANOVA was then conducted comparing participants’ difficulty rating across all three MMTs. Post hoc tests were
conducted, if needed.
Mental Practice Intentions. A Kruskal-Wallis test was conducted comparing responses to the mental practice
question with condition. Responses to the follow-up questions were evaluated for content and categorized based on common
themes: skill practice, clinical planning, mental skills, learning preference, and irrelevant. Two researchers then independently
coded each of the responses and adequate inter-rater reliability was obtained (κ = .60).18
RESULTS
MMT Post-test Scores
The ANOVA revealed no significant learning differences between groups for all three manual muscle tests (p > .05). Even though
there were no significant differences, there seemed to be a trend for better performance and less variability in the mental practice
group (see Figure 2).
MMT Difficulty
The Kruskal-Wallis test revealed no significant differences in difficulty ratings between groups (p > .05). However, the Friedman
ANOVA did reveal a significant difference in participants’ difficulty ratings across the MMTs, X2(2) = 13.35, p = .001. Wilcoxon
Signed-Ranks tests indicated that the middle deltoid MMT was rated significantly less difficult than the middle trapezius (Z = 3.03, p = .002) and supraspinatus MMTs (Z = -2.12, p = .034), which did not differ significantly from one another (Z = -.49, p =
.625).
Mental Practice Intentions
When responding to the mental practice intention question, 77% of all participants responded affirmatively. Interestingly, when
responses were separated by group, the physical practice group had the highest percentage of affirmative responses (84%)
followed by the mental practice (82%) and combination (65%) groups; however, the Kruskal-Wallis test revealed no significant
differences between groups (p > .05).
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Figure 2. Mean performance per condition for each MMT. Error bar represents 95% confidence interval.
Responses to the follow-up questions were similar across groups; however, some clear trends were evident across all participants
(see Figure 3). For those who expressed that they would use mental practice, the majority (81%) indicated they would use it for
skill practice (i.e., to practice/rehearse clinical skills). Examples include the following: “I would need to mentally trace my steps in
things I’m doing. Sometimes I might not have someone to practice on” (physical); “To teach myself the exercises in free time”
(mental); “I can picture myself doing the tasks, and the more I picture and review it, the easier it will be” (combination). All
participants who expressed they would not use mental practice indicated it was due to a preference for some form of
kinesthetic/hands-on learning. Examples include the following: “Because I learn better through actions rather than mental”
(physical); “I think it is easier and also more helpful to physically perform the action” (mental); “I’m a hands-on learner. I would
rather do physical activity” (combination).
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Figure 3. Self-reported reasons why participants would use mental practice

DISCUSSION
Given the amount of clinical skills that are taught in allied health professional curriculums, it is increasingly important for educators
to find innovative and potentially time-saving techniques for teaching clinical skills. Thus, the purpose of this study was to determine
the effects of mental and physical practice on kinesiology students’ clinical skill learning. Our results indicate all kinesiology students
learned the MMTs equally well regardless of the type of practice used during the two practice days or the perceived differences in
MMT difficulty. This finding deviates from previous research on sport-related and surgical skills in that individuals using only mental
practice do not tend to learn as effectively as those using physical practice or a combination of both.13,15 However, it is noteworthy
that the majority of participants in our study indicated that they would use mental practice while completing their degree despite
some participants not having used it during training. In fact, the physical practice group had the highest percentage of participants
indicating that would use mental practice while completing their degree. The most commonly cited reason across groups was to
practice or rehearse clinical skills, which coincides with the CS function of imagery. Although this is not surprising given that the
focus of our study was on clinical skill learning, practicing ATs have also reported using CS imagery second only to MG-M imagery.9
Since our participants are predominantly exposed to traditional pedagogies (e.g., lecture) in their respective programs, they might
assume they will have limited opportunities for physical practice in or outside of the classroom; thus, there is a need for an
alternative form of practice. Those in our study that indicated they would not use mental practice cited a preference for hands-on
learning; however, this is not unusual given AT students’ perception of hands-on learning as an effective educational practice.19
A potential confounding variable may account for our results. Observational learning, or modeling, is an effective tool for learning
a variety of behaviors. Bandura suggests that this is a result of the transmission of visual information into a store representation of
the behavior that can be recalled for later use by the learner when attempting the same behavior. 20 Since mental practice is also
thought to aid in the development of a stored representation of a movement, they are often thought of as similar processes.
However, one major distinction is that observational learning originates from an external source, such as a live model or video
demonstration, whereas mental practice occurs internally. When examined as separate processes, research suggests that
modeling alone or in combination with imagery contributes to more effective performance and learning of motor skills than the use
of imagery alone.21,22 Thus, the performance of each group on the post-test in our study may have more to do with the repeated
exposure to the video demonstrations than with the type of practice used during training. However, without the inclusion of a
modeling only condition, we cannot be sure this was the case.
At first, the potential confounding influence of the video demonstrations seems problematic to our study; however, it may provide
some evidence to support the use of alternative pedagogies in AT education. Specifically, the flipped classroom, which has been
gaining attention in higher education over the past several years, may lend itself well to teaching clinical skills. It consists of students
spending time out of class engaging in content in a format that might normally take place during class (e.g., pre-recorded video
lectures) and frees class time for more interactive and hands-on activities.23 Using this approach, students could have multiple
opportunities to engage in observational learning (i.e., view demonstrations) of the skills before class as well as more time to
participate in physical practice during class. Since AT students have cited both observational learning and hands-on learning as
valuable for their professional education, student buy-in to the flipped classroom may not be as challenging as some other types
of alternative pedagogies.19 Moreover, research indicates that the flipped classroom increased student engagement in an AT
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course and was equally or more effective than traditional instruction for student learning in nursing courses, a related allied health
field.24,25 However, continued research specific to AT is needed.
Limitations
The findings of the current study are limited to the MMTs performed by the kinesiology students and cannot be generalized to all
clinical skills; thus, future research is needed to replicate the findings. This study did not include a control condition because the
skills were completely novel and the likelihood of history as an internal threat to validity was minimal. However, our study would
have benefitted from a modeling only condition in order to determine how observational learning might act as a mediating variable.
This was unanticipated when we conceptualized the original study design; however, its inclusion is recommended in future
research. Additionally, we could not control for participants practicing outside of the study, whether physically or mentally; thus, we
cannot be sure if the amount of practice outside of training influenced the results. Finally, the extra credit participants received for
participating in the study may have influenced their performance. For example, they may have tried harder to learn the skills than
in a normal classroom setting or they may have felt additional pressure to perform well.
CONCLUSIONS
This study compared mental and physical practice and its effect on clinical skill learning. The results indicated that kinesiology
students seemed to learn equally well regardless of practice type. This finding must be interpreted with caution due to the potential
influence of observational learning. Even so, utilization of mental practice in or outside of the classroom may be a strategy to
supplement student learning in situations where class time and/or resources for physical skill practice may be more difficult to
obtain. Moreover, the majority of students involved in the study indicated they would use mental practice at some point while
completing their degree. Thus, student resistance to its use as a classroom strategy may be minimal.
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